This study evaluated the effect of the silver content of Al-Cu based alloys on the microstructure, the tensile strength, the electrical resistance and the temperature increase with the passage of electric current (Joule effect). For that purpose, Al-4% Cu-0, 5% Mg alloys were tested with silver content in proportions of 1.5%, 2.5% and 3.5%. Precipitation hardening was carried out by homogenization heat treatment of solid solutions. The microstructure analysis was carried out using optical microscope and SEM, Vickers hardness tests was also performed, tests of tensile strength and electrical conductivity, which were compared with the alloy A356-T6. The results of this research show that the increase of silver in the alloy increased tensile strength and decreases the resistivity. By SEM and EDS analysis of the phase ɵ (CuAl2), Al6 (Cu, Fe) and Al7Cu2Fe was observed.
Introduction
The process of new materials to be changed into good quality finished products is in continuous development and progress. For example, in the field of engineering materials high temperature resistant materials are sought along with other features such as corrosion resistant, low weight, low cost, easy shaping, abundant in nature, that can be recycled, long lifetime, good conductive properties, low heat production when there is passage of electric current, among others. [1] For these reasons, this paper develops an aluminum base alloy, designated ANSI 201, with additions of silver above the percentages that the standards present, capable of satisfying the above properties and the demands that are required of a structural material such as high mechanical resistance and often good electrical conductivity. In this sense, these alloys are reported to be the most resistant within the families of aluminum based alloys, which makes them very special and appreciated in the aerospace, automotive industry, hydroelectric power stations and in the transmission and distribution electric systems. These last ones were used as hardware [2, 3] .
Background

Duralumin Processes
In the alloys Al-4% Cu-0.5% Mg hardening elements such as copper, magnesium and silver, considerably increase their resistance to a T6 heat treatment , which is a homogenization treatment in a solid solution at a temperature between 520°C -550°C and then quenched in water at a temperature of 18°C and artificially aged at a temperature of 150°C -200°C for different times (in hours) [3, 4] .
The corrosion resistance becomes important for those elements or components that operate in very aggressive media, such as the case of internal combustion engines and turbines, and others [5, 6] .
The addition of silver-based alloys Al-Cu-Mg to modify the decomposition kinetics of the formation of phases and delay the degradation of the material at high temperatures [7, 8] . This behavior is attributed to the formation of a fine and uniform dispersion of precipitates in a known phase Ω, which presents hexagonal forms on the planes of the aluminum matrix {111} α. Ω phase is thermodynamically more stable than the incoherent phase and equilibrium phase θ in the Al-Cu system [9, 10] .
Electrical conductivity of the alloys
The incorporation of silver in the alloy improves the electrical conductivity due to two reasons, on one hand silver is a better conductor than the other components of the duralumin and, secondly, it has been dispersed in the matrix or in the alloy phases during the internal change in the structure that occurs due to the homogenization heat treatment and the isothermal aging of the alloy [11] . Additionally it is observed that alloys of silver improve the conductivity of duralumin over traditional alloys and are commonly used in high-voltage lines tensioners A356 -T6. [12] .
Procedure
Obtaining the alloys
The alloys casting was performed with chemically pure elements, at least 99.9% purity, and a conventional temperature of 750°C in a laboratory casting. For the study 3 alloys were manufactured, with 1.5%, 2.5% and 3.5% of Ag. After obtaining the samples, the chemical composition was analyzed by spectrometry, yielding the following data: To make the Vickers hardness measurements a microhardness tester with a load of 100 gf, and diamond indenter was used. Then the samples were attacked with Keller reagent for observation in the scanning electron microscope (SEM).
Electrical measurements
Measurements of the electrical conductivity were performed with a Model 4200-SCS Semiconductor Characterization System, which gives a high measurement sensitivity and high accuracy. For this, the four specimens were made with the same geometry and dimensions.
Moreover, the measurement of temperature with respect to current flow was conducted with a thermographic camera, which uses the principle of infrared rays to detect heat. Current was supplied by a three phase power transformer with the secondary short circuited through the test object in order to obtain large currents (10 A to 100 A) passing through the object.
Results and analysis
Analysis of the microstructure by scanning electron microscope (SEM-EDS)
The image of Fig. 1 shows the SEM micrograph of the alloys Al-4% Cu-0.5% Mg 3.5% Ag as cast. It clearly shows a structure consisting of grains, an α phase in the center of the grain and a θ phase in grain boundary, forming the structure by slow cooling, according to the phase diagram of Al-Cu. In this state the material is soft and has very poor mechanical properties. Fig . 2 shows the SEM micrograph of the alloy Al-4% Cu-0.5% Mg-3.5% Ag with homogenized heat treatment at 520°C for 40 hours, water-quenched at room temperature and then aged at 180°C for 4 hours. The footage clearly shows a structure consisting of chunks scattered grain boundaries and precipitates in the matrix, this as a result of the homogenization heat treatment and aging, in which θ dissolves in α, according to the phase diagram of Al-Cu, giving thus a hard matrix and a material with good mechanical properties, resulting in a duralumin. Fig. 3 shows the SEM micrographs of the Al-4% Cu-0.5% Mg 3.5% Ag which clearly shows the phases (precipitates) formed therein after the heat treatment, which are extended for better observation and arrowed. The image 3 (a) corresponds to a phase precipitated ɵ (CuAl2) and Fig.  3 (b) shows several precipitates dispersed in the matrix in different ways. In others, there is a strip-shaped pellet, compound of Al6 (Cu, Fe).
Finally, Fig. 4 shows that the EDS analysis was performed on the inside and outside of the pellet, with their respective spectra, which confirms the above, the grain boundaries are composed primarily of aluminum and copper (interior of the precipitate) as shown by the peaks of the spectrum. Silver and magnesium dissolved in the matrix (out of the precipitate). Phase ɵ is also confirmed (CuAl2) as shown in the image(a) inside the other precipitates or precipitated phases as Al6(Cu, Fe) and Al7Cu2Fe; phases reported in the literature in the form of blades or knives eutectically elongated when forming [13] . It is clear that trace elements found such as Fe and Ni, do not correspond to the alloy and these are the result of contamination of the utensils used in aluminum smelting. The precipitates in the form of leaves, blades and elongated strips may be presented as the product of the iron, which is not beneficial to the alloy since these tend to be fragile, with tendencies to crack formation, introducing concentrations of effort that lower the tensile strength in the material and significantly affect the ductility. 
Results and analysis of hardness and tensile strength
The results obtained using the Vickers hardness test and tensile strength for the samples of the alloys with 1.5%, 2.5% and 3.5% of Ag, homogenized at 520°C for 40 hours, cooled in water at a temperature of 18°C and aged at 180°C for different times, is observed in Figs. 5 and 6 respectively.
The Vickers hardness curves on Fig. 5 it shows the following behavior:
-In general, for a given aging time, the higher the concentration of silver in the alloy the higher the hardness (HV). This is because the silver delays homogenization time and accelerates aging time, causing precipitation of Guinier Preston zones, and therefore increases hardness of the material. This is perhaps the most important result of this work.
-In addition, for different times of aging, samples with 3.5% of Ag achieve higher hardness averages (14% more than that of 1.5% of Ag) as the samples with 2.5% Ag (7% more than 1.5% Ag) Ag and 1.5% which means that a higher silver content in the alloy, the average tensile strength also increases.
-The curves of Fig. 5 show that initially the hardness amount increases to a maximum value. This is because the precipitates have dissolved in the matrix which makes the alloy need less aging time to reach the maximum value, since these precipitates strengthen Preston Guinier areas, which are responsible for giving the highest toughness.
-It can also be observed that in curves after reaching its maximum strength at an aging time of 3 hours for all samples, they begin to decline, thus giving over-aged alloys. This is because Guinier-Preston zones are formed at the beginning of the aging. Figure 5 . Vickers hardness curves vs. aging time for alloys Al-4% Cu-0.5% Mg 1.5%, 2.5% and 3.5% of Ag Figure 6 . Curves of the maximum values of tensile strength of the alloys Al-4% Cu-0.5% Mg with 0%, 1.5%, 2.5% and 3.5% Ag Figs. 5 and 6 shows the curves of hardness and tensile strength, respectively, of the alloys Al-4% Cu-0.5% Mg 1.5%, 2.5% and 3.5% of Ag, where it is observed that the addition of silver promotes greater strength of the material at all aging temperatures. This phenomenon has been reported in the literature, where the strength of the material is maintained with increasing aging temperature, highlighting that the excessive increase of the temperature decreases the peak aged hardness and maximum [14] , which confirms the results obtained in this work, which shows that increasing concentrations of silver, the resistance increases in all alloys, given that the silver stimulates the precipitation of hardening phases. As can be seen in the curve of Fig. 6 , an increase of Ag in the alloys Al-4% Cu-0.5% Mg significantly increases the tensile strength; the higher silver content (3.5% Ag) reaches the highest value close to 65.000 psi, with respect to the content of 1.5% Ag with 2.5% Ag, 51.000 Psi and 62.000 Psi.
Results and analysis of electrical conductivity
After adding silver in these duralumins their electrical conductivity is affected as shown in Table 2 . Table 2 shows how increasing the proportion of silver in the alloy, the conductivity also increases (or the electrical resistance decreases). This is because, in addition to the reasons stated in section 2.2, the impurities of silver that are added to the material increase the number of conduction electrons that carry electrical current. In addition, the impurities (or silver) become part of the crystalline structure by substituting the corresponding aluminum atom. This method allows more electrons to transport electricity. Therefore, the results show that alloys having an addition of silver improve the conductivity of the duralumin compared to the traditional and commonly used alloy A 356 -T6. [12] . However, there are exceptions in the case of the material with 1.5% of Ag, the electrical resistance is higher than Alloy A 356 -T6 (see Fig. 7 ). This is because silver forms a nanoprecipitate, however this is not evidenced in the metallographic (Figs. 1 to 3 ) due to the scale of the microscope, this nanoprecipitate affects the structure and improves the conductivity, but with percentages greater than 1.5% Ag [15] . This also has thermal effects, since electrical applications (such as hardware in electrical substations, electrical towers, electric poles, etc.) these materials may overheat the current flow due to the relatively high resistive values, generating hot spots or thermal fatigue of duralumin and electrical conductors in contact with it, or both. Fig. 7 illustrates this behavior.
The behavior depicted in Fig. 7 is primarily due to the influence of the resistance of each material on the temperature, which according to the results given in [11] is determined by the following expressions: Where: q"= heat flow k = thermal conductivity, T = temperature, q = heat generation Joule warming, β = mass density, CP = specific heat, t = time, ρ = electrical resistivity, conductivity = σ electrical, R = electrical resistance per unit length, L = conductor length, S = crosssectional area of the conductor, I = electric current and J = electric current density. Fig. 8 shows some of these variables.
Equations (1)- (4) represent a nonlinear dependence between the temperature T and the electric current density J in metals. This dependency can be seen in the curves of Fig. 7 above, which shows that on average for a higher silver content in the alloy there is lower electrical resistance and, consequently, less temperature increase with the passage of current, plus the alloy A356 -T6 has an average thermal behavior similar to the duralumins order with less silver content (1.5% Ag) and high electrical resistance.
Consequently, the rise in silver in duralumins alloys improves their electrical properties overcoming the A356-T6 alloy that has been widely used in industrial applications so far, it would be advantageous to use the duralumins with silver concentrations exceeding 1.5% in industrial electrical applications.
Conclusions
The alloys (Al-4% Cu-0.5 Mg with additions of Ag of 1.5% to 3.5%) require longer homogenization compared to conventional aluminum alloy base.
Hardness and tensile strength of aluminum-based alloys with additions of silver vary according to time and homogenization temperature, and aging time and temperature.
The increase in silver content between 1.5% and 3.5% in the alloy Al-4% Cu-0.5 Mg increases the tensile strength.
The high hardness and high mechanical properties of the alloy Al-4% Cu-0.5Mg with Ag, is due to the type of precipitates formed in the alloy in the heat treatment which are small and widely scattered.
The alloy with the highest percentage of silver content, presented better electrical conductivity and lower heating with electric current flow.
Clearly the changes in the properties of alloys in the system Al-4% Cu-0, 5% Mg with additions of silver under conditions of suitable thermal treatments, through the formation of a fine dispersion of precipitated known phase Ω, causing resistance in the material. And on the contrary there may be loss of strength in the material, due to thickening and loss of coherence Ω precipitates after long time aging. 
